The aim of this study was to evaluate the effect of essential oils (EOs) of plants naturally occurring in northern Portugal on the spoilage of fresh Maronesa beef burgers stored at 2 and 8 C under different packaging conditions. EOs were obtained from dried leaves of laurel (Laurus Nobilis L.) and rosemary (Rosmarinus officinallis L.) by hydro-distillation using a Clevenger-type apparatus. Analysis of volatile composition of essential oils of rosemary and laurel was achieved by Gas Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Thermal Conductivity Detection (GC-TCD) resulting in the detection of 95.8% and 89.4% of its compounds, respectively.
Introduction
Meat is a major source of protein of high biological value for humans (Lund, Heinonen, Baron, & Estévez, 2011) , being also a source of other important nutrients. It is an ideal substrate for the development of deteriorative and pathogenic microorganisms, therefore it is important to ensure the safety of its consumption (Kodogiannis, Pachidis, & Kontogianni, 2014) .
Minced meat has a reduced shelf life when compared to whole meat, since the surface area exposed to the external environment is increased (Limbo, Torri, Sinelli, Franzetti, & Casiraghi, 2010) . The best way to improve food safety and shelf life is minimizing contamination and slowing or even inhibiting the growth of deteriorative and pathogenic microorganisms (Sallam & Samejima, 2004) .
Deterioration of fresh meat can be subjective since it depends on the culture, economic capacity, level of education and sensory acuity of consumers. Although deterioration is not always apparent, the following aspects are commonly considered as the main criteria for rejection: discoloration, off-odors and off-flavors and slime appearance (Ellis, Broadhurst, Kell, Rowland, & Goodacre, 2002) . There are several factors that can influence shelf-life of meat: temperature, atmospheric oxygen, water activity (a w ), light, endogenous enzymes and microbiological development. All of these factors cause changes in color, odor, flavor and texture. Although the deterioration of meat can be due to processes such as proteolysis, lipolysis and oxidation, microbial growth is the most important factor (Nychas, Marshall, & Sofos, 2007) . Microbial loads from 10 7 CFU cm À2 are associated with the occurrence of off-odors.
Those off-odors can become fruity when the microbial counts rise and become putrid, as a result of amino acid consumption, for microbial counts greater than 10 9 CFU cm À2 . When the glucose present in the aqueous phase is used, other substrates are sequentially consumed with the released of odors of ammonia and nitrogenous compounds, such as dimethyl-1 sulfide (Ercolini, Russo, Torrieri, Masi, & Villani, 2006) . Aerobic bacteria and Gram negative facultative anaerobic are considered the group with the greatest spoilage potential. Many members of the Enterobacteriaceae family contribute to the meat spoilage. However, in refrigerated meat stored under aerobic conditions, Pseudomonas, Acinetobacter, Psychrobacter and Moraxella present high growth rates (Ercolini et al., 2006) and the genus Pseudomonas is generally dominant, actively contributing to the deterioration, due to their ability to degrade glucose and amino acids at reduced temperatures (Mohareb et al., 2015) . Although Acinetobacter would compete with Pseudomonas for amino acids and lactic acid, those have little affinity for oxygen, which favors Pseudomonas (Ercolini et al., 2006) . Even though the dominant spoilage microflora in the fresh meat is generally Gram negative, the initial population can include Gram positive genera such as Lactic Acid Bacteria (LAB) and Brochothrix thermosphacta (Mohareb et al., 2015) . LAB plays an important role in the spoilage of refrigerated fresh meat and are important competitors of other groups of deteriorative microorganisms. Brochothrix thermosphacta is a microorganism that may develop under aerobic and anaerobic conditions, resulting in the release of off-odors (Ellis et al., 2002) . Recently it has been observed a growing interest in the search for natural products with antimicrobial and antioxidant properties in order to replace chemical and synthetic additives currently used in the food industry (Wang, Wu, Zu, & Fu, 2008) .
Since ancient times, spices and herbs are used not only for medicinal purposes but also to improve organoleptic characteristics of food (Calo, Crandall, O'Bryan, & Ricke, 2015) . EOs can be used as food preservatives to improve food hygiene, reducing the microbiota development and enhancing shelf-life of meat. They are aromatic oily liquids obtained from various organs of plants such as flowers, leaves, seeds, roots, fruits and others (Korifi, Le Dréau, Antinelli, Valls, & Dupuy, 2013) . They are secondary metabolites synthesized by herbs as a form of protection from bacteria, virus, fungi, insects, herbivores and the climate. On the other hand they can attract some insects to promote the dispersal of pollen and seeds (Burt, 2004) .
The antibacterial, antiviral, anti-parasitic, anti-mycotic, antitoxicogenic activity and insecticidal properties of some EOs are well known, hence the interest in the study of its applicability in foodstuff preservation (Burt, 2004) .
The quality, quantity and chemical composition of the EOs may vary according to the weather and composition of the soil, plant organ from it is extracted, age and stage of the growth cycle (Bakkali, Averbeck, Averbeck, & Idaomar, 2008) . Thus, in order to obtain EOs of constant composition, plants must be collected under the same conditions.
In vitro physical and chemical studies characterize most of the compounds present in EOs as antioxidants. Depending on the concentration, these can be cytotoxic but are generally nongenotoxic (Bakkali et al., 2008) . The characteristics of the food matrix such as lipid composition, proteins, a w , pH and enzymes can diminish or enhance the effectiveness of the EOs. According to Bajpai, Baek, and Kang (2012) , low pH may increase the solubility and stability of the EO increasing the antimicrobial capacity.
According to Fisher and Phillips (2008) , the compounds present in the EO penetrate the protein structure of the cell wall causing protein denaturation and destruction of the cell membrane. Thus, the operation of the cellular components, including the core, are reduced by the presence of compounds in the EOs due to changes in cell membrane permeability (Fisher & Phillips, 2008) .
Some studies suggest that generally Gram positive bacteria are more sensitive to compounds of the EOs than Gram negative bacteria; this is thought to be related to the Gram negative impermeable outer membrane (Fisher & Phillips, 2008) . However, according to Smith-Palmer, Stewart, and Fyfe (2001) , over time the EOs ultimately have the same effect on both types.
Rosemary (Rosmarinus officinalis L.) is a shrub that grows in all Mediterranean countries. Of the different species (R. officinalis, R. eriocalyx, R. lavandulaceus and R. laxiflorus), only R. officinalis grows naturally in the Mediterranean (Angioni et al., 2004; Tassou & Nychas,1995) . Besides being used for centuries as a food flavoring, it is also very important in traditional medicine and it is used to combat cramping and relieve the symptoms of diseases of the nervous system (Miresmailli, Bradbury, & Isman, 2006; Wang et al., 2008) . R. officinalis L. is one of the spices with anti-inflammatory (Steiner et al., 2001 ) and high antioxidant properties (Bozin, Mimica-Dukic, Samojlik, & Jovin, 2007) , attributed to phenolic compounds such as carnosol, carnosic acid, rosmanol, rosmadial, epirosmanol, rosmadiferol and rosmarinic acid. These compounds promote the maintenance of the nervous tissues (Offord, Aescgbach, Loliger, & Pfeifer, 1997) . Carnosic acid has anticancer properties, inhibiting the proliferation of abnormal cells (Chan, Ho, & Huang, 1995; Kosaka & Yokoi, 2003) . It is effective in controlling various pathogenic and deteriorative microorganisms (Chan et al., 1995) .
Laurel (Laurus Nobilis L.) is an evergreen shrub or tree native of the southern Mediterranean region (Sellami et al., 2011) . Its dried leaves and EO are used in the food industry as a spicy for flavoring and food preservative and are used in folk medicine (Ali-Shtayeh et al.,2000Ali-Shtayeh, Yaniv, & Mahajna, 2000 (Kilic, Hafizoglu, Kollmannsberger, & Nitz, 2004; Ramos et al., 2012) . According to Sellami et al. (2011) , 1,8-cineole is the major laurel EO component with percentages ranging between 31.4 and 56%. Other compounds were present in appreciable amounts include linalool, transsabinene hydrate, a-terpinyl-acetate, methyl eugenol, sabinene and eugenol. Benzene compounds present in percentages ranging between 1 and 12%, are responsible for the spicy aroma of the leaves and are extremely important factors determining its sensory quality.
The purpose of this work was to assess the effect of EOs of laurel (Laurus Nobilis L.) and rosemary (Rosmarinus officinallis L.) naturally occurring in Trás-os-Montes e Alto Douro, Portugal, on the spoilage of fresh Maronesa beef burgers stored at 2 and 8 C under different packaging conditions.
Material and methods

Extraction of essential oils
For the extraction of EOs, leaves of laurel (Laurus Nobilis L.) and rosemary (Rosmarinus officinallis L.) were obtained from wild regions in northern Portugal. The material was weighed and dried in an oven at approximately 40 C until no weight change was found and sealed under vacuum until used. In order to obtain the EOs, the material was submitted to hydro-distillation using a Clevenger-type apparatus for 3 h. In this method, the dried sample is ground and put in a volumetric flask with distilled water (1:10), placed in a heating mantle and under the Clevenger-type apparatus which is connected to a condenser. As water boils the formed vapor carries the volatile compounds retained in the sample, which condenses in contact with the condenser falling in the Clevenger column while the EO stays at the surface due to its lower density. With a Pasteur pipette the EO was collected and stored in small tubes, at 4 C and protected from light. The yield was expressed in% v/w.
Volatile composition of EOs by gas chromatography-mass spectrometry and gas chromatography-thermal conductivity detection
The analysis by gas chromatography (GC) was performed using a Thermo Scientific TM TRACE TM 1300 gas chromatograph coupled to an ISQ TM Series Single Quadrupole MS Systems mass spectrometer (MS). The analytes separation was performed with a Thermo Scientific TG-5MS column (60 m Â 0.25 mm Â 0.25 mm). The oven temperature program was as follows: initial temperature of 60 C held for 2 min, increasing to 280 C at a rate of 10.00 C/min and held for 5 min. Samples and standards were prepared prior to analysis using n-hexane (Merck) at concentrations of 1.0 and 0.2% (v/v), respectively, and a volume of 1.0 mL was injected using an auto-sampler. The injector was set to split mode (1:5), operating at 250 C and 165 kPa. The mass spectrometer's transfer line and the ion source temperature was set to 280 and 250, respectively, with the last operating under electron impact mode (70 eV, mass scan range 30-400 amu).
Analysis of the same samples was also carried out using a Shimadzu TM GC-2010 Plus (Shimadzu Corporation, Japan). Separation of analytes was performed with a Zebron ZB-5 column (30 m Â 0.25 mm Â 0.25 mm) using a similar oven temperature program and injection/injector parameters except for carrier gas flow which was set to 82.5 kPa. The detector temperature and current was programmed to 300 C and 75 mA, respectively, with a make-up flow of 5.0 mL/min.
All analytical separations were made using helium with 99.999% purity as carrier gas.
Identification of analytes was performed by comparison of the Kovats and Linear Retention Indices, using NIST/EPA/NIH Mass Spectral Library (2011) and other libraries, and by comparison of authentic standards.
Sampling
Fresh beef (semitendinosus and semimembranosus) of DOPMaronesa breed (males; n = 4) were obtained from local market and transported to the laboratory. After cut and minced, 20 g samples were individually packed in duplicate in two different conditions: aerobiosis (A) and vacuum (V) with and without EO (control). Samples were stored at 2 and 8 C and analyzed at 1, 2, 3, 5, 7, 10, 14 and 21 days for A and 1, 7, 14, 21, 28 and 35 days for V for microbiological, pH and color (L*a*b*) in one hour after open package. The microorganisms analyzed were Lactic acid bacteria (LAB), Enterobacteriaceae, Pseudomonas spp., Fungi, Total Mesophilic (TM) and Psychrotrophic (TP).
Microbiological analysis
The collection and weighing of the samples was accomplished by removing, aseptically, 10 g of each hamburger which was diluted in 90 mL of tryptone salt solution (0.3% tryptone and NaCl at 0.85%, sterilized at 121 C for 15 min) and homogenized in "stomacher" for 30 s. Successive decimal dilutions were performed in test tubes containing 9 mL sterile tryptone salt. Afterwards, they were sown by incorporation or at the surface depending on the microorganism and the culture medium. Colony counting results were expressed as log CFU/g. For TM (ISO4833, 1991) and TP (PortugueseStandard2307, 1987 , spreading was made by incorporation of 1 mL of the original suspension and the respective dilutions on PCA (Plate Count Agar), spread plates were incubated at 30 C for 72 h for the TM and 7 C for 10 days for TP.
For Enterobacterieceae (ISO5552, 1997) spreading was done by addition of 1 mL of the original suspension and the respective dilutions on VRBG selective medium (Violet Red Bile Glucose Agar) (Scharlau 01-295-500) with double layer. The plates were placed at 37 C and after 24 h, typical colony counting was performed (color pink to red, with or without precipitation halos or mucoid colonies undefined color). According to (ISO5552, 1997), 5 colonies were peaked and transferred to nutrient agar and placed at 30 C for 24 h to make the oxidase test (Biochemical confirmation) and glucose fermentation capacity among Glucose Agar (Harrigan & McCance, 1979) . It was considered true when the result was positive to oxidase and glucose as well.
Regarding Pseudomonas spp.
(FrenchStandardV04-504 (AFNOR), 1998) spreading was done by incorporation of 1 mL of the original suspension and the respective dilutions through selective culture CFC (Cetrimide, Fucidin, Cephaloridine) with Pseudomonas Agar base (OXOID CM0559) and CFC selective supplement (OXOID SR0103). The spread plates were incubated at 25 C for 72 h. After colony counting, 5 were transplanted to nutrient agar and incubated at 30 C for 24 h, then subjected to biochemical characterization of the test oxidase (positive) and by growth aerobically in the middle of KLIGLER (KLIGLER Iron Agar) (OXOID CM0033).
LAB (FrenchStandardV04-503(AFNOR), 1988) spreading was done by addition of 1 mL of the original suspension and the respective dilution in double layer selective medium MRS (Man Rogosa Sharpe Agar) (Oxoid CM0361). The seeded plates were incubated at 30 C for 72 h. For fungi (ISO13681, 1995) spreading was done on the surface of 0.1 mL of the original suspension and the respective dilutions through selective culture GCA (Glucose Chloramphenicol Agar) (VWR 84604.0500).
pH and color
The pH value was obtained by the arithmetic average of three measurements made with a pH 330i WTW pH meter placed directly in a body sample hamburger.
The color measurement was carried out on a hamburger samples with about 1-1.5 cm thickness. Three measurements were performed on each sample 60 min after opening the individual package. The color measurement was performed using a reflectometer Minolta Chromo Meter CR-310 (Minolta, Japan) through the CIELAB color system of L*a*b* (D65 illuminant).
Experimental results and discussion
Essential oils yield
The yield of essential oils (EOs) from dried leaves of Rosmarinus officinalis L. and Laurus Nobilis L. were, respectively, 0.61 and 0.58% (v/w). As referred by Serrano, Palma, Tinoco, Venâncio, and Martins (2002) and Angioni et al. (2004) , the essential oil yield presents variations with the place where the leaves were collected, with the season and the vegetative state. Nevertheless, in this study, the yield attained for rosemary was similar to the average value of %0.57% reported by Serrano et al. (2002) for Rosmarinus officinalis L. collected in different Alentejo's zones (Portugal). Regarding Laurus nobilis L. essential oil, the yield attained in this study is greater (0.58%) than the one obtained at Sellami et al. (2011) , study in the same conditions (%0.35%) which can be explained by the geographical difference where the leaves were collected.
Volatile composition of EOs
GC-MS analysis of rosemary and laurel EOs resulted in the detection of 95.75% and 89.42% of its compounds, respectively. These are shown in Table 1 with its percentage, retention time and Kovats index. It is notorious that the identified compounds belong majorly to the monoterpenes class, particularly oxygenated monoterpenes representing 63.41% and 62.94% of the total for rosemary EO and laurel EO, respectively. For rosemary EO the main constituents detected were 1.8 cineole (15.86%), L-verbenene (9.36%), endo-Borneol (8.79%), camphor (9.32%) and a-Pinene (7.44%). According to (Flamini, Cioni, Morelli, Macchia, & Ceccarini, 2002) rosemary EOs can be divided in two chemical groups: one which is mainly composed by a-pinene (%20.6%) followed by 1.8 cineole (%6.6%) and another whose predominant compound is 1,8 cineole (%40.2%) followed by a-pinene (%13.2%). Taking this into consideration, it can be said that the rosemary EO obtained in this study is closer to the second group, being however the concentrations lower than the referenced (1.8 cineole À 15.86%; a-pinene À 7.44%). Other common compounds on rosemary EO are D-limonene, b-pinene and L À a Àbornyl acetate (Nowak, Kalemba, Krala, Piotrowska, & Czyzowska, 2012) , these compounds are also found in our sample in amounts of 3.12%, 6.25% and 3.87%, respectively.
According to Santoyo et al. (2005) (Cherrat et al., 2014; Hadjibagher Kandi & Sefidkon, 2011; Sellami et al., 2011; Silveira et al., 2014) have reported higher levels of sabinene and 1,8 cineole whereas for linalool and terpinen-4-ol the contents obtained by the authors mentioned above were lower.
In the study performed by Silveira et al. (2014) , similar results for laurel EO compounds were achieved; this essential oil showed not only relevant antimicrobial and antioxidant effect but was also very effective maintaining meat's (sausages) pH levels.
Nevertheless, it is important to keep in mind that according to various authors not only the main compounds that exhibit bactericidal and antioxidant effect but the interaction between these and the compounds in lower concentration that also play an Fig. 1 . Time evolution of total mesophilic (TM) for samples stored at 2 and 8 C in a) aerobiosis (A) and in b) vacuum (V). important role (Burt, 2004; Hyldgaard, Mygind, & Meyer, 2012; Ojeda-Sana et al., 2013) .
Microbiological parameters
Figs. 1-5 illustrate the time evolution of TM, TP, LAB, Pseudomonas spp. and Enterobacteriaceae for samples stored at 2 and 8 C in A and V packages, respectively. All samples in V presented less counts compared with those packed in A. In terms of temperature all samples stored at 2 C present less counts than samples stored at 8 C. Therefore, as expected, the better combination for beef storage revels to be the V packaging under 2 C. From Fig. 1a ) it can be seen that for storage in A package under 2 C above 48 h EOs reduced TM counts by almost 1 log CFU/g while under 8
C the EOs show no relevant effect. Fig. 1b) shows, for samples stored in V under 2 C, a decrease of TM counts for samples with EOs being the most effective rosemary EO with counts being in average 1.5 log UFC/g lower than the control samples. Below 84 h of storage both EOs presented no visible effect. Furthermore, after 240 h of storage, rosemary EO presents inhibitory effect on TM.
Regarding TP, from Fig. 2a) (A) under 2 C, it can be noticed that after 48 h of storage both laurel and rosemary EO present positive effect reducing counts. At 8 C, EOs effect can only be seen after 168 h being rosemary EO the most effective.
For samples stored in V under 2 C À as it can be observed in Fig. 2b ) À both EO have similar effect. After 72 h there is a notorious increase of TP counts of control samples as compared to both EOs samples. It must be noticed a difference of more than 1 log UFC/g between control and EOs samples. For samples stored under 8 C, TP counts are not affected by the presence of EOs although there is a significant decrease of TP counts from 168 h and forward.
Concerning LAB, as it is shown on Fig. 3a) for samples stored in A under 2 C, after 72 h both EOs have positive effect on inhibiting growth. Namely, the control counts are more than 1.5 log UFC/g higher than EOs counts. For samples stored under 8
C after 84 h EOs show very similar effect being more efficient on reducing counts when compared to control samples.
As illustrated in Fig. 3b ) for V packed samples under both 2 and 8 C there is no evident effect showed by laurel nor rosemary EOs. Fig. 4a ) represents the time evolution of Pseudomonas spp. for samples stored at 2 and 8 C in A, it may be seen for both temperatures that the two EOs were successfully on inhibiting its growth being laurel EO the most effective for samples under 2 C and rosemary EO better under 8 C. It is notorious that samples with EOs present a constant evolution at both temperatures in opposition to control samples which present a growth increase. Also, the final counts are much approximated to the initial counts on samples with EOs whereas control samples' final counts are about 4 log CFU/g higher than initial counts.
For V À as it may be seen in Fig. 4b ) À the two EOs are effective reducing Pseudomonas spp. counts at both temperatures being their effect very similar. In this packaging condition there is not a detachment as high as observed in A, but samples with EOs still present less counts than control samples. For all samples under 2 C final counts are lower than initial counts, samples under 8 C have a minor increase in counts with exception of control samples that presents a difference of 2 more log CFU/g compared with initial counts. It is important to refer that control samples stored in V package present lower variation of counts compared with control samples stored in A package. This can be explained by the atmosphere much more favorable to the development of specific spoilage microorganisms, such as Pseudomonas spp. in air than under vacuum system (Labadie, 1999; Nychas, Skandamis, Tassou, & Koutsoumanis, 2008) . According to Varnam and Sutherland (1995) , Pseudomonas spp. can multiply in atmospheres with low concentration of O 2 , hence its behavior in vacuum whose amount of residual O 2 may be sufficient to support its development.
In Fig. 5a ) it can be noticed that for samples stored under both temperature EOs presented very similar effect maintaining Enterobacteriaceae counts below control samples counts. Nevertheless, under 2 C laurel EO was the one with lesser counts in general. However, Enterobacteriaceae are not considered the main competitors in air and under vacuum, comparatively for example to Pseudomonas spp. in air and LAB in vacuum package (Doulgeraki, Ercolini, Villani, & Nychas, 2012; Labadie, 1999) .
For V as it is shown in Fig. 5b ) the effect of EOs is more evident and although for 2 C the two EOs have similar effect, under 8 C laurel EO demonstrates the best effect obtaining lower counts compared with both rosemary samples and control samples with difference of almost 1 log CFU/g and 2 log CFU/g respectively.
In both packaging conditions, Enterobacteriaceae final counts are much higher than initial counts which can be explained by the fact that this microorganism can multiply in both aerobiosis and vacuum package (Brightwell, Clemens, Urlich, & Boerema, 2007) . was 5.7, a value that falls in the expected range of 5.6-5.9 for beef after slaughter. No significant differences were observed between the two EOs samples but a reduction of final pH value, with exception of Laurel at 2 C, comparatively to control samples can be observed. There were no significant differences between samples stored at 2 and 8 C, however it can be seen that in A the pH values for the two temperatures are clearly different while in V they are very similar. Samples stored under V package presented lower pH values and had the best result in minimizing pH variations (min. 5.3; max. 5.6) compared to A packaged samples (min. 6.6; max.7.7). These highest pH values observed in A packed samples can be due to the production of volatiles amines by specific microorganisms of spoilage, such as Pseudomonas spp. which found in this atmosphere the adequate conditions for their growth (Labadie, 1999) . The advantage of V packaging is that the growth of these aerobic microorganisms is inhibited, however the deterioration eventually starts as a result of the multiplication of organisms able to tolerate anaerobic conditions (Balamurugan, Ahmed, & Chambers, 2013) .
pH analysis
Color analysis
The L* parameter corresponds to the brightness of the meat. The analysis of Fig. 5 shows that the package influences the L * parameter. In the case of A package there was a steady decrease of the L* coordinate which may be due to the transformation of oxymyoglobin (red) in metamyoglobin (brown) through oxidation and a rapid reduction can be observed at 8 C. On V package it can be seen in all samples a steady increase of brightness over time with values higher than in A samples. These values were expected since in this condition occurs the formation of oxymyoglobin (red) from deoxymyoglobin (purplish) after open package meat samples and exposition to the air (Pennacchia, Ercolini, & Villani, 2011) . In addition, there are not great differences between 2 and 8 C (Fig. 6) . Fig. 7 displays the measured values of the a* coordinate. The higher the a* coordinate the greater will be the red color. In this case the type of packaging also had effect on meat color. In both packages the a* value decreased over time. This reduction will occur in meat on any packaging after some time. The V package was found to be the one with greater preservation of red color until about 240 h and concerning to the temperature factor, 2 C showed better results compared to 8 C samples, even though both had very similar values. For this packaging there was a considerably higher rise in the first few days which can be explained by the contact of the meat sample with oxygen when removed from the package (Strydom & Hope-Jones, 2014) . For A package there was a relatively constant loss of red color and the variation was not so obvious at an early stage, while in the last days of storage the values decreased considerably which indicates the metamyoglobin formation on the sample surface. Fig. 8 displays the measured values of the b* coordinate. It can be seen that it had approximately the same value for the two temperatures. Moreover, it can be observed a slight rise at the beginning of the storage followed by a decrease (3-7 days at 2 C and 5-10 days at 8 C) and then this coordinate seem to stabilize. There was a slight decrease of b* values on the package under A conditions and a slight increase for the packing under vacuum, which means that the packaging method that best retains the color is the V package because the higher the b* value the lesser is the loss of red color.
In general, EOs presented a positive effect on the color of the meat. Laurel EO presented better effect on L* and a* values, yielding a better red color preservation. Both EO allowed higher b* values.
Conclusions
This study allows to conclude that EOs from Laurus nobilis L. and Rosmarinus officinalis L. show some effect maintaining fresh beef color, which is an important index of quality for consumers and can be used as food preservatives to improve food hygiene reducing spoilage microbiota development and enhancing shelf-life of beef.
Concerning store conditions, as expected, vacuum package and 2 C were the combination with better results. The two EOs demonstrated some positive results not just by reducing spoilage microbiota counts. Laurus nobilis L. is better in maintaining the red meat color and controlling pH in samples at 2 C which is an important factor for meat deterioration. In a future investigation the influence of these two EOs combined should be studied.
